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(54) SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multi-beam 
semiconductor light emitting device which is composed 
of group III— V nitride semiconductor layers and by which 
a high power can be attained with a simple structure. 
SOLUTION: A buffer layer 2 and a seed crystal layer 3 
are formed on a substrate 1 and bands of growth 
suppressing layer 4A and openings 4B are alternately 
provided at specified intervals on them. A GaN nitride 
semiconductor layer 5 is further grown on them from the 
openings 4B by a lateral growth technique. The nitride 
semiconductor layer 5 has low-defect parts including the 
lateral growth region and high-defect regions including 
through transpositions D1 and D2 which are generated 
on the top of the openings 4B and in assembled parts M. 
They are periodically formed according to the interval of 
the growth suppressing layer 4A. Light emitting parts 20 
are periodically formed at specified intervals on the low- 
defect parts and (n) side electrodes 1 4 are formed in 
parts where the high-defect parts are removed. The 

light-emitting parts 20 are formed by etching with the mask of (p) side electrodes at one time. 
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fflijm® £ -s-r wh7^ ^©i^su 2 o *j. mm® 
©<ttx9?>^*sn4aj»B. gapsp4B, 

[0037] 0 7 (C^L/ccfc *> 5C. §^*g|52 0 
©MMfflte i L>*St±J 1/ )t» n ttJ a > * h 1 6 ©±tc . 

«fiR-T4. UK, n(|j3>^^ hl6©±©ffi«ll 5 
{CMP%» W . * C KfifKKSfi 5 n/c«^© n flWS 
14^£©IBIPBra»!«K:Ji5iS-r5. ^ftWK». tfi 
tM 1 5 ©»f3£ffll%HP 0. «*«J^!Wffi{c«fc 0 
(T i ) , r;U5x-^A (A 1 ) %sm$L (A 

u) *m<mmL~cfcmz>. 

[0 0 3 8 ] -e©©^> »fil*m«8 0*imgffi© 

)¥3£ft£ct5tcfflf,ij-rs 0 ncc. ssi^pijmffii 
3©ss^r&]£SitK^©ipi-c«f^L, *©»MiiK 

[0 0 3 9 ] ftte, C©J: -5ft«IS©^gP2 0 £Wf 
4^»ftU-!ft?B. -«{C. ffl<f©IS3e»±W{C»W 
6n/cSffi£ U - F*i©S8tt*ll*l*±-J-Sfc«>, * 

u— tf B*n*n©«flW9«:s»*J«w enfciB^ 
a«©±{cis§ns„ <$mz, «h^5 - 3 3 5 6 8 

wmw®. 1 0 0 ©±©mffiia^ 1 0 1 tc^tur^^u© 
±gi3fflij©mffii 1 3 te<m'fii*a$©»g»J©mffi 1 1 

4 AtSSK $ ft 6 . R3^££ffiffiJ©*« 1 1 4 Blttt 
©«36»©W4S©it2*BfCCjRW6ftr*j"3. 2o©H 
ffi*s^-C©^fcg|J£«a-r-5.j:^K:fto-Cl»5c *Hffi 
«Ktt>ti, nflWMI14**n*ti©«lfi»2 

oommmtLxm^x. Hi©^^ft*j»ftu-if 

?:WABiB«*©i 0 0©J;^fta«±KiS:gbie^^ 
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[0 0 4 0 ] L*»0fc#6. CCTtt, ffl* ©163685 2 
0(C*tUT l-^T^nfflijmffil 4*RWSJ:5Kl/tl,> 

a&scitao, j:o«flS36>6ai»is3fe»-c««iiiii 

©HE* S t Hiffitnfr'tf * L/ , *^©»^tttCf5S^ 
■V&tc&V$>Z>„ U-oX> Effl&KtCtt. nffliJS«14 
{c#OTfc*ft*fttc*ffiEIB*RWa:fr#. 

[0 04 1 ] C ©¥«{* U tf -CB, P ffi*S 1 3 i n 10 

4. CCTtt, p fflttfi 1 3 i 2 0 ©jpffiJ&K** 
-gCUTU&fcSbK, ffiffll9©£8R#pflHWiil 3*1 

6 nm*ft\ 3 ft & A«« i a o r l » 4 . * fc . 
#&3fcSR2 0 5 ©ffifcPg««K:j&S3 ft 

■Ct>5©T. ^K»»{CU— tfjfc36i»JR3ftSC<k«:j: 
S^b*ij@c 0 5C< < . ©«rf¥«a©it^*i«ii 
6ft, *^<CSM*fi<ft*iftK«6ffi*3W*I±-f 

•S„ 20 
[0 04 2] CC.fcSM^©^*^****^- 
IfJCfcfttf, 3 ©±KHP«4B 

Jflllkll4A*RW. nnflS4B^6HU , rittNIM3 

B©il>ftt»fi»B1i«©±K«*»2 0 *RWS J: 5 cc 
«K#ffi<. SJ«i4oW«. TOc, $*©** 
b|34 B, #£a$Mtf2«, «6«S2 0fl!>»*KJ:r>T(l| 30 

^©»!i^ ; &^3<-rsci^r^ > ^^$^i6j±3if 

tttfj£**3'&4 5. Sfc. r§ttJ19tcftii 
3ft4IB^2 0©&3<fc«J¥3*«ltt, KKBKiSH-r 

[0 04 3] *5EJ6©J^«-CB. f£fifflJ±JS4 A 

J; 0 £ 'MP8P4 B©IHHfc:E*8tt*fcfc'e3 C i tc J: 

<o, mt®¥mim5ic$Loz > mim&.D l , d, ©a 

aWU ^»»J«>i5*iSJBffllllBr«6»2 0*JI5 

ffia^£t?»aa< m.mm»m 5 ©afs©*WLt{c 

[0044IIK, p««*l 3*iS8pfl!l=i>ir*h 
HI 2©it±(c»W4J:5K:0fc©'r. ^Ztvmi 
4(6*rSCi*Jr*i. *fc. pffSffil 3£vx? 
iUT|g*gP2 0©X h^7£^fiX-fSJ:5&CLfc© 
C©«fc5fc^ttU-1f*fflS&1»g&T*Ci*i 

[oo45]*fc, *awi*»tf-r. fi^©^*sp2 

0 K*t L T n WHS 1 4 *»W 5 «fc 5 K L/c©?, £T 50 
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©^3fcH52 0*|5]l^(C«rf / P3-&6C<b*J-Ct > »*§P2 
0©&*fr6frS©^*»SC 
[0 04 6] [*2©KBK©0tt] H8«$2©£tt© 

9BH8©ap»Sfc^H'C*4. C©¥3W*U— !ftt. & 
«3 l©±tcRWe>ftSWSfi»3 3*»6a{t!»^K* 
II 3 5 j&JjfcfiT SCi. C ©£ffc»49Wtti 3 

5 # n fflj n > 3? * t-m t b x mm? s c t % nh>> r b . 
sn©n*©^*ii5itt-c*s. m©Hfc© 

[0 04 7] Xl£3 IB, Witf^7T-r73&>6ttO. 
-£© c Wfr 6 ft S±ffitCBlTS© WPS-Ci v 9 > ygtfC «fc 
9»9iA£ft£HgB3 1 B*W0n>4. S&3 1 ©Bfl 

SP3 iBtw©_hffi&cB, minF7^»m 

3 3 AtfRttfeft. MS* £feJIS&3 3 Aomttimiff 
33Bia-art»4. 

[0 04 8 ] tea^ 3 3 A B. S{b^¥j»ftl 3 5 ZfS, 
m©WB**JWB0ttlr>undDpe-GaN*»6«:*. Cft 

e>fessp3 3 Msj^umm 3 B©*h*h©«t. 

WAtt, 2 um~4 wm*5j;i>*l 0 wm~2 0 ymT* 
0, CC-CH, Cft6*«SKI8»!fl«jtcSW^ftS«fc5 
KttoTV»*. ft*. tftlS3 3A(C». E9tCffl*|-C 

0, *©16fifflfflEH:*«Km». 
[0 04 9 ] EK*©±KB. S{b^¥^H3 5**K 

we»ftrc^ 0 fifk*^«(M3 5«. mm, 

4Mm(DnST«iLt^^f (S i ) effjUM/ft: n 
MGaNiCiO^fiSSft^o ft*J> Hgoi^CC, g{b 
»^H3 5B*S B s Hgf3 3 A%S»iL.rtH*|^ (« 
JI*^|fiJ) L a itt^l^I (Hffl(cW^) L, ifCfiS 
gtHCDf^O, StragP3 3 B©TS**ffJfi{CB. 
I0p^ ^ B B B g|5 3 3 A ifih «^|S]fiXS 0 /c:*Sb b bP1±5!)^ 
£-r*#£*M#?¥ft-rs. CCTB. EiaB3 1BK«J: 
D^<btl¥^f*)13 5*«S3 1 i©|IBKBBH*ii;-5 

i -5 ccft -cfc o . ?f#^«M h xmm*mm 3 5 
tcfefiL*i4i;sc<!:*iK±3ft-r^s. c©i^, fen 
SP3 3 ACMMiE&Di B. ±tB©tt^iSfi«««:« 

, *4C5. Se-^r, 3{t»*MW«*3 5K:*j(,»T. * 
©±H«: * rG» 3 ft SiSft Kfittt C ft h Wl&ft D 
a , D 2 Ctl6©H2ay^©««». fefi© 

WE^IO' ~10 6 cm- ! flSifi<, ^K^ftt* 
flSXPM*iac-s"Cl>4. ftfc. CCTB. «aite{4D 
, . D, fc*fc»Sfi«3 3A*JJ:C«tlffl»3 3Bi|«ltt 

©«»r4jab-ci»4. 

[0 0 5 0 ] C©J: 5 &Sft»¥3WWi3 5 ©±K». 
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H8, tStt»9, fff2©#^ FJ1 1 0, p1?7^FI 
1 1 fc «fc pflH3>**hJfl2 1 OH»©»«i 
TOcJl^StJiSft. »3te*2 0jWf»S3*va,»5. * 
fc, »0^5*3t»2 OOBUCtt. nffliMffil 4*5 n iij 

2^952 0©*ffaffi#>6nffJ=i>*2 Ml 6©±©nffi 

m« i 4«snt^&i>iii(c*tniii i 5# 

[0 0 5 1 ] c©J: !f©fW*ffi 
£08, 09fcJ:e>'01 O~01 5«#jH0tttf6K9J 

[0 0 5 2 ] ST. 010 (A) tCmbltXSK. WK 

T«fc»3&fiJ*340 0tfm©»E3 1*HI*U *tfi3 
l©cffi±{C. mtiMOCVDiSKiO^iftiKJ^ttl 
U^^undope-GaN©te^ ; 5r2 y mSKCJl^tCfiSfi 

s imtzmteikm 3 (hi i#rs) *jkbW4 
/cfe©a*s B B B affl^fiH3 3a^m-rs„ a*, mo 

CVDIi, £l£#Bfi#, «E*H»**fcttlIlE#II 

&K©tftl*ftSCC«. JllEHWIHWfcfc^TtT 

[0 0 5 3 ] ^^T, 01 0 (B) fc5*Lfc,fc5K. ffl 
*.«. CVDffiCciO nMt*--f3R (S i O, ) J:<5& 

5»iMi3 4*?ia«-r*. a*. c©*g**jg34B, a 

[0 0 5 4] -e©©<3, 010 (C) Kij*t,fcJ:}K. 

**iS3 4*sawK:is&*u w*.tffirttccgs3*i* 

Etc«fcfj|6l»)i3 4%aM5>fl«i«:l»*0fc©^K:. 7* F 

[0 0 5 5 ] HI 1 (A) fcjSOfciSK:. IMt 

SS3 4^vx^iUT, WAfiflMWX (C 1, ) £i 

3 3 a ©*feiiig3 4ct«t>ftTi,>&i^=&i&*T£. 

CfttCj; 0. SfcSlllf fflJ&BH 3 3 a B. BrSBDIHWC 
3 3 A i BtraSP 3 3 B £ ^SEEKSfe A«Sfi8S 3 
3£tt4. 

[0 0 56]fc>-C, «|*g|3 4*vx*£l/CW*.« 

r i E*m». wc. sfi3 i©*est]gi3 4(cat>n-c 

f*/*«:ttjlM/x*fliir>. a«S0"C, ff^O. 5P 
a©^ft"C!f^o CflfcJ:*). S«3 l©±ffiCCEiaS3 
lB*miB»3 3Bia«-j-5J:5«:JB«fi3h4. ft 

ffl(Kfili3 3 a©X9*>^taUMWctfr>TfcJ:< - 
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mxmt b-cn *> e i tsfcojiin?**. 

[0 05 7] C©[K]g|53 1 B©#!3B1 OOnmtLht? 

*4ci3w*?*u». «a-r4a{b»*a«t«3 5 (0 

12#JH) B. ££883 3 Afri5©»#faJ*fi#Jt«"C 
tttt<. £T»S3 HIJiCjitfL, MS 3 1 

£tctt. S^b!»*»ftJi3 5R££3 1 ijgttf &<£5 

£EiiU a{b^2»ft)13 5 i»©3 1 £©&j«£#l 

[0 0 5 8 ] 011 (B) K^Lfc^iC. 

tf, X-v^mtb-C-P v\tim (HF) *^t»*» 

[0 0 5 9 ] ^K, 01 2CC^LfcJ:9(C > WitfMO 

cvDa»tns^«i|ti,t^-ff (si) ^as 

«fc»h a{btt¥*fM 3 5 C©£*> Ga 

N©ISiifiSfiW^ fe B a B gP3 3A©±ffiteJ:J>'{iffiSP3 3 

B{cB-r2>{iMffi^e»-en-enit^[S] l 
, tmfo immcwfim) Lj ticmntz (0 

9) . *©HKC. *SWftU r«»JI»3 3A©#r4 

WjHk&d, Aifiasns. -# v st*iniL 2 -cb. * 

t». lE-aT. IWffl«3 3BCC*fc4^K»JjR3ft*« 
[00601CCT, te B B B ©«^|S]fiSfi©«SB^[S] 

j?xs©jsej:Dfca<s^§n4 0 ^©fc&> »raaiJ3 
3 BK*fcsw«, -en-enw^gps 3 A£®g£ 
orfiXg-r-5»*s B a B -cst>n-ct9)^. iks. ^o^^te 

JiEI±#1»l«»3 3 B©«««f*ffifiT*^L/r^?^aJ 
MAWSnSiftCC. C©^SBM{CfSj*^rjR«U 
b«*«ftJI 3 5 >&» < D, ift 

s 0 c©«fc5{co-c^ofc#sa*-H5>K<afiS'a4 

£ , ±g|5^¥fflffii ft »3 , a{fc*^MWI 3 5 *i 1 -3© 
Mtur^fiSSn*. #!9t©JB*-c«, *«3 1JCD0 
SB3 lB*»WT(,»S©t?. BECCjS^ytJ: 5 K. SWiSj 
K«SSUfc|gfi*««3 1 CC««lO-C^B*J|6^-r5C 
t&ffi±2tiZ>„ tit, KiiltefifD, , D, B. fe^W 
tC*SaW3 3 A*5±iyeWHa53 3 B i|5]«©jlW^T 

[0 0 6 1 ] ^(C, 0 1 3 CC^LfcJ: 5(C. ^b%*« 
Wf3 5©±K, »l©!5J6©JI5*i|5lttK:0-C. ni 
?7»Fi7, *1©^FJI8. rStt«9, SI2©** 
-Y F» 1 0 . pS«-; PJfl lfcctO'pfflij3>^^ b 
1 1 2 *«^ySfi3 -tf . P ffliJ^ > * 9 VM 1 2 ©±©^t 
5E©fil««:pffliJ«il 3*JBfiS^S. C©i#. Pfflm 
«13B. WAtf*h7-(7Wr*<>. ^fc«^Wt 
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J13 5fcfcl>Ttta»3 3 A©±K£DS«ilBttD, 
*jJ:O t &£8PMtc£tSJrjllgttD J ©±»4»tf. 2 
<b«S^»«=JB 3 5 ©fiWB«W©±»Kffi«f 6 «fc 9 K 

^©rawrmijwccj&i&stts. 

[0 0 6 2 ] *©a«Hl 4(C^Lfc«fc5tC. JSl©?l 
*© JBIB 4 mm K p ffliJSS 1 3 % v * * i L fc F 5 4 x. 

»^>^K«tO. pm=J>*5» h-JB 1 2. pa>5»F 
Ull, 312 ©#^ FJil 0. ?Sffii9. S&l©#-<f F 

£{CS{fc«rt-*<*li3 5**a3tfa. tftKJ:<5, p 10 

mm i 3 4-aT*™Btt©i6#»2 o 
3ft£ 0 seo-c. co^si^o-eft. ffitt!9©£ffi 
*s p ffjws 1 3 ifih mmtfi&x $ ft s «aaAifi« 4 & 
4. ft*. 16**2 0 »p Mas 1 3 tmmcwtfevm 

l&£3ft&*#«g{b%¥jif*® 3 5 KteWiJtiWStt 

[0 0 6 3 ] il>T, 01 5iC^t,fc<fc5{t. »1©H 
ffi©ff5ffi 4 [5]«©^^iC <fc 0 «3fe« 2 0 ©Wf Jffite J; 

mm ucmtw=mwm 3 5 ©±k*&&h 1 5 20 

U g{b»*«f 3 5©±K, ftRKSftStiftftSR 
On {USffi 1 4 *9fS©HI»'C«JiS1-4. 
[0 0 6 4] *©©%. S«3 l*«*.«8 0<ime* 

©ws £&*«*: skwhw*. ek. mm i«pm 
mi 3®&2mtmmcwrm<Dm-cgffli, torn 

[0 0 6 5 ] 15r*s, C0*5Kt/Cfl*3ftS¥*f*U 
-Iffc. »l©H«©^«ilSia«:pffl|J«fil 3te<fct>' 
n fflWfi 1 4 **fBfc8l5 2 0 ftfCttSl 0 TBK 3 ft 5 <fc 5 
icE«Sfi±r*«E8*flffc: njMfcffil 30 

4 (C t BH 1 6 © J: 5 CC^jlttffi&K W i «fc 5 CC T 

[0 0 6 6 ] c©^*ftu-tfrft. 2<tW«H*13 
5©*>*i. t&lflS3 3 A©±»fcJ:0 E ££WM{C©#Jt 

16*3132 Oft. C©ffi5?IB««{c9f5£©IIIIWrSI 
fflWCcflasshrfcO. |s]B#tc , ft|«fta©fti,>ttii» 
3 3 A©±^i!HB<fctf££»MttittB < »#«S2 0© 
JKfiS^FKBUBJSft-CtsS. <fco"t, |6*SB2 0©«»ffi 40 

±ot, *^©Htfj*«**TS. *&. hiiceiijmcj; 
s&{t**et dk< < . *^©5^#ifi< a*. 

[0 0 6 7] C©<£ 9 &c. ^H6©JB«{c«4*j»ftU 
-1ftCtol>Tfc»l©3W©»B£R«©»**W4C 

[0 0 6 8 ] [»3©H*©JK»] H16»»3©fJ* 
©JBBK«4¥Bf* u — if lto 4. c ©¥ 

fct»TBft«¥aH*B 5 ©TB«$W*fi5fiJff±B 4 A 4 50 
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wbbi 4«3>f * me©±KRwi6h*3&«. *^ 

*©««-C». nl»jmffi4 4**Bfl3»¥*f*B4 5©» 

ffitcKtffctvri,**. ctifeW©»i©H*©^«iPI 

[0 0 6 9 ] mmmwm4 5 ». b<i:»¥*{*b 5 
tmmx&rcm&svidmim&i 1 i-v»Ht£» 

Kjg-r-2>ii^fe, 41*. m©sa&©j&«K»93LfcB 

{Sr«« l ©±{C^ 77712. WA£1 3 
tt. HP»4B£WrSfiJifi»±B4A*J&RU ^© 
±{c^t«^3WMI5*+^ittW*K:jsaEfi3 i &a. *© 
2{b^¥$tt«5£(&g»±J14A£#tn c Jlg|5# 
(cfei>T:&K3 l*>6^St-rSCi(cj:o-C. B4bft¥ 

wftB4 5#B64-i*. 

[0070] c©B{k»*3iW*»4 5tciji f >t:fe. HP 
*4B, ^^»MK«±iHK:*rit-r*«fc^ttJtaiKti[ 

«WittoTl»4. -ecT. C©fi^P6^«©±(C|S* 
»2 0**fiWS. CCTfeifc. pfflW^l 3*-7X 
f il/r»3l6»20*^B!ir*Ci36*-e*4. flL. n 

iiijmffi 4 4 ic^ i»t » . ftams t u rg{ b^¥2»<*» 

4 5©»M^ffi(C^)?XSft^ 0 

[ 0 0 7 l ] C©»£. 20©«g|ffllE«ft^-rft©» 
3K»2 0K*l>T:«>*Ktt»). »*«2 0{c«fc^r* 

rtt. nM««4 4ccftitcc#>'f ^ >y-r^^£LT 

[0 0 7 2 ] I^t, #HJfe©Jf*!§{t cfcftft. «r 1 ©^ 
lka>x»i i 131 DAMKOfb. <fc9/hM©U-lW#6ft. 
K»*'fflSK'C#5tC>5»***#^h4. C© 

itmmm 5 ^^u. *©T«au»**sfi»3 3 a 
i«(ci»*ur»6nsif*si{b«MlMW*»4 5 iur 

*!ig-r-5.Cife-Ct^o C©t»^Ktt. taf§P3 1B?r$ 
frffl"C£{b*Me*f«i3 5*»«3 1 *6»«H-4i. 
M$tm% CcSffi 3 1 *Bfe*T 4 C 4 * ^> . * fc - 
5 i c(c|6*g|12 0 3Et?^iaEUr36»e>Bfb«¥aMt)15 (* 
&C>ttB{fc«-*aWWi3 5 ) ©*1S1 (*St»BS1R3 

1 ) «au»%»iii»*Ts^ffi-cBji-s-5 c 4 fester 
*4= 

[ 0 0 7 3 ] &± t $m<DBt&zmiT:*mzmi b 

tci)K *»W«±EH«©»llK|85ESti4 fcOtrttft 
<. «<fSBK?I»T?*S. ±E©iat©je*"c 
ft. !67fcgP2 0ftffittH9©±TiCpS4nM©¥*<* 

)t^-eft-eftSJi3ft/c*tta«ig4 ufc^, *^ft 
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«, vw^>y%t> nfc<t[>*pi^7 v f »©±»* la 

{c*iK»sgJl*i9:Wfcrta5x F v A rfWkb Uc*) bX 
*> i < , C©<£ 5 &Wf#2»$M«jgft:tf-C& < JS#t$£ 
^©«J6*S t>tt;R:fr**fc«*.4 «fc *) Uffltt IX 

[0 074] ±iB&S&*©JB«fc*itf 4¥*f*U 

-1f©|B*W2 0B. l8*»©-«««tr*oT. m± 
«. #-f FJB8fc«fcen o*#*.TC>&<rfc<fc<. S 10 

2©*H©»»K«**»»U— !fK*sl>-C3HE3 1 i 
ffl£Hg|3 3 3 £©IHiC#Ji»K:ifil,>»btt* I I I -v 

«fct». Sfc. 3l2©SS»©JBttK:*si,»Ttt. 3fk^¥# 
ftH 3 5 * n ffij 3 > * * F H £ L X U — !f *flWt"r S «fc 
5 CC 0 fcifi . 3 5 ©±tc»!jfc n fflij 3 > ^ 

[ o o 7 5 ] *fc. ±ia^2©^ffi©^rtt. *s**fll 
3 4 «K£L^SUcS{bM¥«fM3 5 *»«W4i: 5 
KOfc#. «*S.ffSI53 3 (t£fiW3 3A) ©±©te^)i 20 
3 4 «£imc3{t»«{*/f 3 5 ZBf&?6£ >> K 

urfcj:t,». *©*£. *6i*i$3 4 k j: o mafia d, 
«3n-cais^n 2^6©safs{4D, ©e»# 
ffi±3ft£,, fit-^t, s{b»*t»fl:ii3 5{c»^{ce 

r. *©±jwccftft/tf6fitt*WT43{b»* i 1 1 - 

V*{t^*»4C£#RiJ*&ttS. fib, Sfb»$ 
fM 3 5 */SS 3 if * RttctttlR 3 4 ©aWEtm#*K 

g?fc*s©-c, *Bs^ffi«»i[ais?raci36J»*o 30 

<<>. 

[0 0 7 6] Etc. ±3B&jeft©»»rB. MOCVD 
ffifc«fc9MfcW*I I I -V£{fc£*¥aK**J&aT* 

j*&scoi>-t8tt9!Ufc#. *3»(*Jt©fiJ5S*ffi»tt*r 

-£©{te<b, MilfMBE (Molecular Beam Epi 
taxy; »«lff + ->-) S^MOVPE (Metal Or 
qanic Vapor Phase Epitaxy ;Wt&£JItttBJ&5) H 
VPE FSttftSS) ffi&£©«fflfiR*ffiK 

[0 0 7 7] ±ieSHifi©m^-Ctt. ttt£i|]|3 , «SA 40 
»3 3A*»C80. 3>^^M, #4 KJKGaNfc 
icOffJlSU >5j FH£A l GaNSilCCkgj&S 
U SttH^I nGaNSaK«fc«30(atrS«fc^K:O/t 

Cft6©Jf£I I IBotJR©^©^*^ 
iSfcifcdfcfltoSfbWSI I I-VMt^il* 

[0 0 7 8 ] JmAT, ±B» l *$<fcc>*!&2 ©S?*ti©ff5& 
tit ?7 7-(7*»6&**Kl, 3 1tffll>4J:5!c 
C)htelK6-J*<!r©«fc5&tfR©*«&JBlr>-tfc 
#i|x.«\ Si.SiC, GaN, GaAs.Mg 50 
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A 1 , 0 3 , L i GaO, m*Wfct?Z>Ct1fiX°% 
Z>. C£DHGaNlItt, V7 r A 7^©fi£fiffi»* 

fiSKJ:l)lSS3«fc*, JsRSffl«ftt»«f4CiK 

.toffscim. jjB»3©mt©^*«:iiBtf52 

[0 0 7 9 ] 

[ »W©Jft* ] tLkBMB O fc «fc 5 fc*»8©¥3H*l6# 

{jiftwiffli. »t«j*3»tt)i©fi^K« 
«tc*tjc l r*«aA««*wr s«^©is*gi5 i &<■ 

*.SJ:5{ci,fc©-r. ffl*©a*»{c*jW5(Efi[^K 
[0 0 8 0 ] «fK. S»*ffi4«:32a©¥»flE|636* : fK: 

«tn«. ^gp©±gpcctt®i©fe^©mffi^w6 
n, %7tgp«8uiam i ©e*s©mffii^ffl^*^- 

■C*&J:5Cct,fc©-C> 1 ©^IS© 

mffi£vx £> £ Ucx *j?^9U £©WStt^i£-C— K 

tc«itli<»4ci*i-e*s. 
0H©1ffi*^^] 

:a i ] #fsw©2f i ©n»©»»(cff**iwtu— tf 

12] Hi©au»«^dar*4. 
13 ] ia i ©*^f* u-ir©wi#i6*»iji-r *fc» 
©ra^x?*^„ 

h 3 ic^< KiSifi^i^Bj-r^»/cfe©»Tffi0-e 

04tc^< Hjtxe*ttw-r4fc»©»fiiiiar 

0 5 ic^< Kigxfi^i^Bj-r s/ c *©»TfflHr 

2 ©H«fi©»c^^*z»ft u- if 
©«^^T0-C*S o 

08©SP^1£^0-C4,S. 

1 IS 8 ©*»» u — if ©«J6*ffi*i«iH-r 4 /c 
&©»rffl0-c*s„ 

0 «:«< RjtIg*«fWr4A:«)©»riii 



0 1 1 

1 2] I 
HI 3] 0 
114] 0 
Bl 5] E 
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[lie] *&w<Dts3<Dmm<DBi&mz¥m&\s~ 
[law] m*<D¥-m&v~y<DwmM*wmtz>ic 

1, 3 1 2-;<-;77l, 3-atSilff. 4 A 

-tSfifMJi* 4B-IBPa5. 3 1 B-DflfflJ. 3 3a-* 



#^2 0 0 2-3 1 4 1 9 S 
18 



*Wtiiiimm!8.&m. 3 3-M6SW. 3 3A-ISfl». 
3 3B-*I«». 3 4-ttilM. 5, 3 5, 4 5 -Wfc 

H, 8-*l©#4FJi. 10-82©# 
-f FIB. ll-pa?7»Fi. 1 2-p«J3>* d> h 
A. 13-pfflWi. 14, 4 4-nffiWtt. 15-16 

mm, d, , d, -jtaMEtt. m-#£» 





